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TRANSIMPEDANCE AMPLIFIER AND CIRCUIT 
INCLUDING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This patent application claims priority to, and the 
bene?t of, US. provisional patent applications identi?ed as 
folloWs: Provisional Application Serial No. 60/356,808, 
entitled SELF-BIASING. TRANSIMPEDANCE AMPLI 
FIER, ?led Feb. 13, 2002; Provisional Application Serial 
No.60/407,494, entitled TRANSIMPEDAN CE AMPLI 
FIER AND CIRCUIT INCLUDING THE SAME Filed Aug. 
30, 2002; Provisional Application Serial No. 60/407,496, 
entitled SYSTEM AND CIRCUIT FOR A MULTI-CHAN 
NEL OPTOELECTRONIC DEVICE DRIVER Filed Aug. 
30, 2002; Provisional Application Serial No. 60/407,495 
entitled SYSTEM AND CIRCUIT FOR AN OPTOELEC 
TRONIC DEVICE DRIVER Filed Aug. 30, 2002; Provi 
sional Application Serial No.60/407,493, entitled SYSTEM 
FOR TRANSMITTING OPTOELECTRONIC INFORMA 
TION Filed Aug. 30, 2002. 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to circuits 
for receiving and processing optoelectronic information. 
More particularly, the invention relates to circuits for detect 
ing and amplifying a signal received from a light detecting 
device. 

BACKGROUND OF THE INVENTION 

[0003] As the rate of data transfer betWeen microelec 
tronic devices increases, use of typical electrical bus 
schemes to transmit information becomes increasingly prob 
lematic. In particular, as the amount of information transfer 
increases,. an amount of input/output poWer required to 
transmit information betWeen devices and consequently an 
amount of electronic noise associated With the transmission 
increase. 

[0004] Another problem associated With transmission of 
electrical signals using traditional electrical bus systems is 
that signal degradation increases as the rate of the transmit 
ted signal increases. For eXample, When signals are trans 
mitted at a rate of about 5 GHZ using FR-4 substrate 
material, the signal suffers about a 60 dB loss across 10 cm. 
This loss can cause rise time degradation and amplitude loss 
for the signals as the higher order harmonics are ?ltered out. 
Accordingly, improved apparatus and systems for transmit 
ting information betWeen a plurality of microelectronic 
devices is desired. For the above reasons, although the 
majority of signal processing is done in the electrical 
domain, it has become highly advantageous to utiliZe optical 
communications to interconnect microelectronic devices. 

[0005] In order to obtain the bene?ts of optical commu 
nications, optical signals must be detected, converted to 
electrical signals and vice versa. For this purpose, various 
optoelectronic devices have been developed and are avail 
able in the market place as individual devices as Well as 
arrays. HoWever, specialiZed circuits are needed to advan 
tageously utiliZe this technology. For eXample, photo detec 
tors provide loW level current output signals that must be 
ampli?ed and converted to voltage signals. Accordingly, 
there is a need for improved ampli?ers to accept such loW 
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level currents and provide ampli?ed and converted voltage 
signals. Moreover, there is a need for such an improved 
ampli?er to provide robust operation over a Wide range of 
ambient temperature, poWer supply voltage, and process 
variations. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides improved circuits 
and techniques for detecting, amplifying and processing 
high speed signals received from an optical sensor. More 
particularly, loW level electrical signals are converted to 
ampli?ed voltage signals. 
[0007] In accordance With one aspect of the invention, an 
improved transimpedance ampli?er (TIA) suitable for con 
verting current into voltage is provided. The TIA’s principal 
function is to interface a photo detector to an electronic 
system for applications such as data communications or 
other optical signal processing. 

[0008] In accordance With the disclosed embodiments, the 
TIA of this invention embodies four stages: a common-base 
input preampli?er stage, a common-emitter voltage ampli 
?er stage, common-collector isolation ampli?er stage, an 
output buffer stage and a biasing circuit connected the base 
of the grounded base transistor in the input preampli?er 
stage. The described embodiments can be implemented in 
bipolar junction transistor (BJT), heterojunction bipolar 
transistor (HBT), MOSFET, CMOS, or any other comple 
mentary transistor technology. The details of those processes 
are Well known to those skilled in the semiconductor arts and 
are not described in detail herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] A more complete understanding of the present 
invention may be derived by referring to the detailed 
description and claims, considered in connection With the 
?gures, Wherein like reference numbers refer to similar 
elements throughout the ?gures, and: 

[0010] FIG. 1 is one embodiment of a transimpedance 
ampli?er, in accordance With the present invention; and 

[0011] FIG. 2 is another embodiment of a transimpedance 
ampli?er in accordance With the present invention. 

[0012] Those skilled in the art Will appreciate that ele 
ments in the ?gures are illustrated for simplicity and clarity 
and have not necessarily been draWn to scale. For eXample, 
the dimensions of some of the elements in the ?gures may 
be exaggerated relative to other elements to help to improve 
understanding of embodiments of the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS. 

[0013] The present invention may be described herein in 
terms of various functional components and various pro 
cessing steps. It should be appreciated that such functional 
components may be realiZed by any number of hardWare or 
structural components con?gured to perform the speci?ed 
functions. For eXample, the present invention may employ 
various integrated components comprised of various elec 
trical devices, e.g., resistors, transistors, capacitors, diodes 
and the like, Whose values may be suitably con?gured for 
various intended purposes. Further, it should be noted that 
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While various components may be suitably coupled or 
connected to other components Within exemplary circuits, 
such connections and couplings can be realized by direct 
connection betWeen components, or by connection through 
other components and devices located therebetWeen. 

[0014] The present invention generally relates to circuits 
for detecting, amplifying and transmitting optoelectronic 
information. More particularly, the invention relates to 
ampli?ers and circuits for transmitting information received 
from a light detecting device. 

[0015] FIG. 1. illustrates a circuit 100 suitable for ampli 
fying signals received from an optoelectronic device such as 
a photo detector or the like. Photo detectors devices such as 
reversed-biased pn junction diodes, p-i-n diodes, metal 
semiconductor-metal (MSM) detectors, resonant cavity 
enhanced detectors,. liquid crystal displays, or the like and 
can be discrete components or assembled in a one dimen 

sional (l-D) or tWo-dimensional (2-D) array. 

[0016] Circuit 100 is conveniently described as a transim 
pedance ampli?er that includes four stages, as folloWs: a 
common base input pre-ampli?er 102, a common emitter 
voltage ampli?er 104, a common collector ampli?er 106, 
and an output buffer stage 108. Circuit 100 may be formed 
using, for example, bipolar junction transistor (BJT), het 
erojunction bipolar transistor (HBT), MOSFET, CMOS, any 
other complementary transistor technology, or the like. In 
the illustrated example, bipolar transistor technology is 
shoWn. 

[0017] Common-base (grounded base) transistor 102 has 
its emitter coupled to the INPUT Where it receives a loW 
level current provided by a photo detector. Common emitter 
transistor 104 has its base region coupled to the collector of 
transistor 102. Common collector transistor 106 has its base 
coupled to the collector of transistor 104 by diode 105. The 
output buffer ampli?er stage formed by common collector 
output transistor 108 provides the OUTPUT at its emitter 
and has its base coupled to the collector of common-emitter 
transistor 104 by the series connection of diode 105 and the 
base-emitter junction of common collector transistor 106. A 
biasing circuit, i.e. diode connected. transistors 111 and 112, 
is coupled to grounded base transistor 102, providing a bias 
voltage that is at least one diode voltage higher than the 
voltage at the emitter of the grounded base transistor 102. 
Diode voltages (the forWard diode voltage drop of a diode) 
also knoWn as diode voltage drops are knoWn to be in the 
range of 0.7 volts, varying depending on the particular 
implementation. 

[0018] The common-base ampli?er, i.e. transistor 102 
isolates an input photocurrent provided by a photo detector 
(not shoWn). This photocurrent is transmitted from the 
emitter of grounded base transistor 102 to its collector, and 
then converted to a voltage by the transresistance 110. 
Transresistance 110 is connected in a negative feedback path 
around a common-emitter ampli?er including common 
emitter connected transistor 104 connected to diode 105; 
Which in turn is connected to the base of common collector 
transistor 106. The base of 106. is also connected to resistive 
load 107. The feedback path then passes through (is buffered 
by) a common-collector ampli?er 106. The common-base 
ampli?er 102 is biased at its base by the tWo diode 
connected transistors 111 and 112. Accordingly, the input of 
the TIA (emitter of 102) is biased at one diode voltage, i.e. 
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1Vbe above ground. Assuming that the transistors 104 and 
113 are biased ON (as later shoWn in the description of the 
common-emitter ampli?er 104), the collector of transistor 
102 is at a voltage potential of approximately 2Vbe. There 
fore, the collector-to-emitter voltage of transistor is ?xed at 
~1Vbe and cannot go into saturation. The biasing diode. 
connected transistors 111 and 112 are biased themselves 
through resistor 116 to the voltage supply Vcc. AC-ground 
at the base of transistor 102 is provided by capacitor 126. 
Resistor 114 biases the common-base ampli?er 102 at a 
current level of one voltage drop divided by the resistance 
value (R8) of resistor 114, i.e. ~1Vbe/R8. In practice resistor 
114 also provides an AC-blocking function since its resis 
tance value is much greater than the input resistance pre 
sented by the emitter of grounded base transistor 102. 

[0019] The common-emitter ampli?er 104 has its input 
(base of 104) biased at ~2Vbe. As described in the previous 
paragraph, the collector current of transistor 102 is set at 
~1Vbe/R8. Since negligible current ?oWs into the base of 
common emitter transistor 104, this current ?oWs from the 
transresistor 110 (having a resistance value of R6) and 
therefore the voltage potential at the emitter of common 
collector transistor 106 is approximately 2Vbe+(1Vbe/R8>< 
R6). This current in turn also biases the common-collector 
ampli?er 106. Since transistor 106 is on, the voltage at its 
base is 

[0020] and the potential difference betWeen the voltage 
supply Vcc and this voltage causes a current to How through 
resistor 107 as determined by the resistance of resistor 107, 
?oWing into the collectors of series connected transistors 
105, 104 and 113, thereby insuring that these transistors are 
biased ON. Hence, the transistors of this circuit are biased 
independent of their individual transistor characteristics and 
governed only by the poWer supply voltage Vcc and the 
values of resistors 107, 110 and 114. Diode-connected 
transistor 105 serves only to limit the collector-emitter 
voltage of common emitter transistor 104. 

[0021] The voltage at the emitter of common collector 
transistor 106 is buffered using common-collector ampli?er 
101, Whose output (emitter of 101) is the OUTPUT of the 
TIA circuit 100 and is suitable for interfacing to subsequent 
electronic circuits. Transistor 108 can be biased in various 
Ways. For example, as shoWn in FIG. 1, there is depicted a 
Widler current source formed by transistors 120 and 122 
With resistors 124, 126, and 128. Diode connected transistor 
130 serves only to limit the collector-emitter voltage of 108. 
Capacitor 132 and resistor 134 depict an equivalent load 
representing subsequent electronic circuits. 

[0022] With circuit 100, photocurrent can be either pushed 
or pulled from the emitter of 102. In other Words, this 
topology is suitable for common-anode or common-cathode 
photodetectors. Furthermore, this circuit can also be oper 
ated from negative or split voltage supplies provided that the 
voltage potential is decreasing from the node labeled Vcc to 
the node labeled ground. The common-base ampli?er 102 
also effectively isolates the photodiode capacitance from the 
frequency response of the TIA. Circuit 100 provides robust 
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operation over a Wide range of ambient temperature, power 
supply voltage, and process variations. 

[0023] FIG. 2 illustrates another embodiment of a four 
stage transimpedance ampli?er. The illustrated circuit 200 is 
particularly adapted to convert current received at the 
INPUT, eg from a photo detector and converting it to a 
voltage for electronic processing at the OUTPUT. Circuit 
200 provides robust operation over a Wide range of ambient 
temperatures, poWer supply voltages, and process variations. 

[0024] Circuit 200 includes four stages:. a common base 
input pre-ampli?er 202, a common emitter voltage ampli?er 
204, a common collector isolation ampli?er 206, and an 
output buffer stage 208. Circuit 200 may be formed using, 
for example, bipolar junction transistor (BJT), heterojunc 
tion bipolar transistor (HBT), MOSFET, CMOS, any other 
complementary transistor technology, or the like. 

[0025] Common-base (grounded base) transistor 202 has 
its emitter coupled to the INPUT. Common emitter transistor 
204 has its base region coupled to the collector of transistor 
202. Common collector transistor 206 has its base coupled 
to the collector of transistor 204. The output buffer ampli?er 
stage is formed by common collector output transistor 208; 
Which provides the OUTPUT at its emitter and has its base 
coupled to the collector of common-emitter transistor 204. A 
biasing circuit (including a current mirror 212 described in 
greater detail herein beloW) is coupled to grounded base 
transistor 202, providing a bias voltage that prevents the 
grounded base transistor 202 from going into saturation. 
Typically the bias voltage to the base of transistor 202 is at 
least one diode voltage higher than the voltage at the emitter 
of the grounded base transistor 202. Diode voltages (the 
forWard diode voltage drop of a diode) also knoWn as diode 
voltage drops are knoWn to be in the range of 0.7 volts, 
varying depending on the particular implementation. 

[0026] Common-base ampli?er 202 is con?gured to iso 
late an input photocurrent produced by, for example, a 
reverse-biased photodiode (typically sourced into the node 
labeled INPUT). This photocurrent is transmitted from the 
emitter of 202 to the collector of 202, and then converted to 
a voltage by the transresistance 210 connected in a negative 
feedback path including common-emitter ampli?er 204, as 
buffered by a common-collector ampli?er 206. The com 
mon-base input pre-ampli?er 202 isolates input capacitive 
loads typical of photodiodes from the common-emitter gain 
stage 204, thereby making the circuit bandWidth insensitive 
to input capacitance variations. 

[0027] Common-base pre-ampli?er 202 is biased through 
a current mirror formed With transistor 212; each transistor 
(202 and 212) has identical bias resistors 214 and 216.. 
Transistors 202 and 212 are matched devices. Therefore 202 
accurately mirrors the bias current in 212 over process and 
temperature variations. The same process and temperature 
insensitivity of this circuit can be achieved by providing 202 
and 212 as ratioed devices, in Which case resistors 214 and 
216 Would have to be correspondingly ratioed. In practice 
resistor 214 also provides an ac-blocking function since its 
resistance value is much greater than the input resistance 
presented by the emitter of 202. Transistor 212 is biased 
from the positive poWer supply source Vcc by the PMOS 
transistor 218, Which itself is biased as a current mirror 
formed With PMOS transistor 220 to have a drain current 
proportional to I1 received at terminal 222. This input 
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current at 222 is variable With temperature, providing tem 
perature insensitivity to circuit 200. The transistor 218 has 
an identical matched PMOS transistor 224 that is also 
mirrored off of the drain current of transistor 220. Since 218 
and 224 have equal dimensions and source-to-gate voltages, 
their drain currents are the same over process and tempera 
ture variations. These tWo transistors 218 and 224 each form 
current sources (current I2 and current I3 as shoWn) and also 
isolate the current mirror formed by transistors 202 and 212 
from variations in the poWer supply voltage Vcc. This 
provides the circuit 200 With temperature insensitivity. Also, 
although the circuit Will operate Well With any suitable 
applied voltage, this particular topology Will function Well 
With Vcc set at approximately 3.3 Volts. Because the current 
mirror transistors 218 and 224 separately bias the current 
mirror formed by transistors 202 and 212, the current I3; 
Which is the drain current of transistor 224 is equal to current 
I4, the collector current of 202. Therefore, neglecting the 
base current of 204, I3 is equal to I4 such that equal currents 
?oW into and out of this node (i.e. the common connection 
of the source of 224, the base of 204, the collector of 202 and 
the loWer end of resistor 210). Accordingly, no bias current 
?oWs through the resistor 210. This reduces the voltage 
headroom requirement for this circuit since 210 has no 
associated voltage drop, and additionally makes its value 
independent of the circuit bias conditions, thereby alloWing 
resistor 210 to be a free parameter to set the transimpedance 
gain and bandWidth formed around the feedback ampli?er 
provided by transistors 204 and 206. Thus, for example, if 
the resistance of 210 is set at approximately 1,000 ohms, 
then the gain of the ampli?er Will be approximately 1,000. 
AC ground is provided to the base of transistor 202 by 
capacitor 226. High frequency noise present on the poWer 
supply rail as shoWn connected to Vcc is isolated from the 
current mirror devices 218, 220 and 224 by capacitor 228. 

[0028] Voltage gain for this TIA circuit 200 is provided by 
the common-emitter ampli?er 204, biased With a PMOS 
active load 230; Which in turn is biased by the current mirror 
device 220, making the drain current of 230 also propor 
tional to I1. The drain-to-source voltage of 230 makes the 
common-emitter ampli?er 204 insensitive to poWer supply 
voltage variations at Vcc. This insensitivity to poWer supply 
variations is achieved because device 230 is an active load, 
ie a current source With a very high source impedance. The 
bias point of transistor 204 is adjusted by resistor 232. Note 
that resistor 232 does not affect loW frequency gain since it 
is small as compared to the drain impedance presented by 
transistor 230;. and also resistor 232 is bypassed at high 
frequencies by capacitor 234. The voltage output at the 
collector of 204 is buffered from the feedback resistor 210 
by the common-collector unity gain ampli?er 206, and also 
buffered from external circuitry at the OUTPUT by the 
common-collector ampli?er 208. The common-collector 
ampli?ers 206 and 208 are biased by the Widler current 
source formed by transistors 232, 234 and 236 and by 
resistors 238, 240, and 242. The Widler current source, is 
biased by an external current I5. Resistors 244 and 246 are 
small value damping resistors. 

[0029] As temperature increases during operation of the 
circuit 200, the intrinsic bandWidth of the common-base 
ampli?er 202 and the common-emitter ampli?er 204 
decreases, thereby decreasing the bandWidth of the TIA 
circuit 200 in general. In accordance With one aspect of the 
invention, the temperature increase is compensated for by 
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making the external bias current I1 directly proportional to 
temperature. The increased bias current as a function of 
temperature holds performance constant. Circuits for pro 
viding current that is directly proportional to temperature are 
Well knoWn in the art and therefore not separately described. 
In accordance With one particular aspect of the invention, by 
providing a current I1 that is directly proportional to the 
ambient temperature, the TIAbandWidth is controlled to less 
than 5% variation over a 100 degree Celsius temperature 
eXcursion. In the eXample shoWn in FIG. 2, the bias currents 
of 202 and 204 are scaled to the same I1 reference current, 
although they could be separately adjustable by providing a 
separate mirror device and proportional current. 

[0030] In accordance With the described embodiments of 
the invention, photocurrent can be either pushed or pulled 
from the emitter of transistor 202. In other Words, this 
topology is suitable for common-anode or common-cathode 
photodetectors. Furthermore, circuit 200 can be operated 
from negative or split voltage supplies as long as the voltage 
potential is decreasing from the node labeled Vcc to the node 
identi?ed as ground. 

[0031] The present invention has been described above 
With reference to various eXemplary embodiments. HoW 
ever, those skilled in the art Will recogniZe that changes and 
modi?cations may be made to the exemplary embodiments 
Without departing from the scope of the present invention. 
For eXample, the various components may be implemented 
in alternate Ways, such as, for eXample, by providing other 
con?gurations of transistors. These alternatives can be suit 
ably selected depending upon the particular application or in 
consideration of any number of factors associated With the 
operation of the system. These and other changes or modi 
?cations are intended to be included Within the scope of the 
present invention. 

What is claimed is: 
1. A transimpedance ampli?er comprising: 

a preampli?er stage having a grounded base transistor 
With its emitter coupled to an input, 

a voltage ampli?er stage having a common-emitter tran 
sistor With its base coupled to the collector of the 
grounded base transistor, 

an ampli?er stage having a ?rst common-collector tran 
sistor With its base coupled to the collector of the 
common-emitter transistor, 

an output buffer stage having a second common-collector 
transistor providing an output at its emitter and its base 
coupled to the collector of the common-emitter tran 
sistor, and 

a biasing circuit coupled to the grounded base transistor 
providing a bias voltage that prevents the grounded 
base transistor from going into saturation. 

2. A transimpedance ampli?er as in claim 1 Wherein the 
biasing circuit comprises: 

a current mirror transistor having its base coupled to the 
base of the grounded base transistor. 

3. A transimpedance ampli?er as in claim 2 Wherein said 
current mirror transistor and grounded base transistor are 
matched devices. 
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4. A transimpedance ampli?er as in claim 3, further 
comprising: 

a ?rst resistor connected betWeen the emitter of the 
grounded base transistor and a common connection; 

a second resistor connected betWeen the emitter of the 
current mirror transistor and said common connection; 

Wherein said ?rst and second resistors are matched 
devices. 

5. A transimpedance ampli?er as in claim 2, further 
comprising: 

a ?rst resistor connected betWeen the emitter of the 
grounded base transistor and a common connection; 

a second resistor connected betWeen the emitter of the 
current mirror transistor and said common connection; 

Wherein said ?rst and second resistors are matched 
devices. 

6. A transimpedance ampli?er as in claim 1, further 
comprising 

a feedback path, said feedback path comprising: 

a resistor having one end connected to a common node 
formed by the collector of the grounded base tran 
sistor and the base of the common emitter transistor, 

said feedback path passing through said common emit 
ter transistor to its collector and the base of the ?rst 
common-collector transistor, 

said feedback path passing through said ?rst common 
collector transistor to its emitter, said emitter being 
connected to the other end of said resistor. 

7. A transimpedance ampli?er as in claim 1 further 
comprising: 

a ?rst active load coupled to the collector of said com 
mon-emitter transistor. 

8. A transimpedance ampli?er as in claim 7 further 
comprising: 

a second active load coupled to the collector of said 
common-base transistor. 

9. A transimpedance ampli?er as in claim 8 Wherein said 
?rst and second active loads are matched ?rst and second 
devices. 

10. A transimpedance ampli?er as in claim 9 further 
comprising: 

a current mirror device forming a current source With said 
?rst and second active loads. 

11. Atransimpedance ampli?er as in claim 8 Wherein said 
?rst and second active loads are ratioed ?rst and second 
devices. 

12. A transimpedance ampli?er as in claim 11 further 
comprising: 

a current mirror device forming a current source With said 
?rst and second active loads. 

13. A transimpedance ampli?er as in claim 10, Wherein 
said current mirror device and said ?rst and second active 
loads are MOS devices With their gate regions commonly 
connected and their drain regions commonly connected. 

14. A transimpedance ampli?er as in claim 10, further 
comprising: 

a bias current connected to said current mirror device, said 
bias current being proportional to the ambient tempera 
ture. 
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15. A transimpedance ampli?er as in claim 1, wherein the 
collector of the common emitter transistor is coupled to the 
base of the second common-collector transistor by circuit 
elements comprising: 

a diode connected betWeen the collector of said common 
emitter transistor and the base of said ?rst common 
collector transistor, and 

a conductive connection betWeen the emitter of said ?rst 
common-collector transistor and the base of said sec 
ond common-collector transistor. 

16. Atransimpedance ampli?er as in claim 1, Wherein said 
biasing circuit comprises: 

a plurality of diodes connected to the base of the grounded 
base transistor. 
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17. A transimpedance ampli?er as in claim 1, further 
comprising: 

a feedback path, said feedback path comprising: 

a resistor having one end connected to a common node 
formed by the collector of the grounded base transistor 
and the base of the common emitter transistor, 

said feedback path passing through said common emitter 
transistor to its collector, 

a diode coupling the collector of said common emitter 
transistor and the base of the ?rst common-collector 
transistor, 

said feedback path passing through said ?rst common 
collector transistor to its emitter, said emitter being 
connected to the other end of said resistor. 

* * * * * 


